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Abstract The extent to which the phenotype of
children comorbid for velocardiofacial syndrome
(VCFS) and autism spectrum disorders (ASD) differs
from that of VCFS-only has not been studied. The
sample consisted of 41 children (20 females) with
VCFS, ranging in age from 6.5 years to 15.8 years.
Eight children with VCFS met formal DSM-IV diag-
nostic criteria for autism based upon the ADI-R. These
eight plus an additional nine participants met diagnos-
tic criteria for an autistic spectrum disorder
(VCFS + ASD). Ninety-four percent of the children
with VCFS + ASD had a co-occurring psychiatric
disorder while 60% of children with VCFS had a
psychiatric disorder. Children with VCFS + ASD had
larger right amygdala volumes. All other neuroan-
atomic regions of interest were statistically similar
between the two groups.
Keywords Velocardiofacial syndrome  22q11.2
deletion  Autism spectrum disorder  Amygdala
Introduction
Velocardiofacial syndrome (VCFS) is a microdeletion
disorder of chromosome 22q11.2 that is associated with
well-characterized congenital heart malformations, pal-
atal abnormalities and a characteristic facial appearance
(Shprintzen, 2000). Learning disorders, intellectual
delay, and speech delay are ubiquitous (Gerdes et al.,
1999; Glaser et al., 2002; Shprintzen, 2000; Swillen,
Devriendt et al., 1999; Swillen, Vandeputte et al., 1999).
The mean IQ of these children is in the Borderline range
of mental retardation (Swillen, Vandeputte et al., 1999).
Their psychiatric phenotype during childhood can
include ADHD, anxiety disorders and depression (Ant-
shel et al., 2006; Feinstein, Eliez, Blasey, & Reiss, 2002).
As youth with VCFS approach adulthood, they are at
high risk for developing schizophrenia (Chow, Bassett,
& Weksberg, 1994; Murphy, Jones, & Owen, 1999) or
bipolar disorder (Papolos et al., 1996).
VCFS and Autistic Spectrum Disorders
In addition to these psychiatric vulnerabilities, others
have reported a relatively high incidence of autism
spectrum disorders (ASD) in VCFS (Chudley, Gut-
ierrez, Jocelyn, & Chodirker, 1998; Fine et al., 2005;
Niklasson, Rasmussen, Oskarsdottir, & Gillberg, 2001;
Roubertie et al., 2001; Vorstman, Morcus et al., 2006).
This is probably not surprising, since it is estimated
that 10% of autism cases are part of genetic neuropa-
thology syndromes (Polleux & Lauder, 2004). Due to
the complex genetic etiology of ASD (for review, see
(Polleux & Lauder, 2004), there is a growing interest in
the association between the neurobehavioral pheno-
type of autism and co-existent medical conditions
K. M. Antshel (&)  A. Aneja  J. Peebles 
W. P. Fremont  K. Stallone  N. AbdulSabur 
A. M. Higgins  R. J. Shprintzen  W. R. Kates




Kennedy Krieger Institute, Baltimore, MD, USA
W. R. Kates
Johns Hopkins University School of Medicine, Baltimore,
MD, USA
J Autism Dev Disord (2007) 37:1776–1786
DOI 10.1007/s10803-006-0308-6
123
(Gillberg, 1992), such as Fragile X Syndrome (Good-
lin-Jones, Tassone, Gane, & Hagerman, 2004; Kau
et al., 2004), Down Syndrome (Capone, Grados,
Kaufmann, Bernad-Ripoll, & Jewell, 2005), and tuber-
ous sclerosis (Curatolo, Porfirio, Manzi, & Seri, 2004).
However, the extent to which the neuroanatomic,
cognitive and behavioral phenotype of children co-
morbid for VCFS and ASD differs from that of VCFS-
only has not been investigated. Accordingly, this study
aims to extend our current understanding of a sizeable
subset of VCFS-affected children by specifying the
neuroanatomic, cognitive and psychiatric correlates of
ASD in children with VCFS.
ASD and VCFS Neuroanatomy
Neuroanatomical deficits in children with idiopathic
autism include the cortex, limbic structures, cerebellum
and brainstem (for review, see (Brambilla et al., 2003).
Key anatomical substrates identified by functional
magnetic resonance imaging (fMRI) in idiopathic
autism are the amygdala (Critchley et al., 2000;
Howard et al., 2000; Wang, Dapretto, Hariri, Sigman,
& Bookheimer, 2004), superior temporal sulcus
(Boddaert et al., 2004), and fusiform gyrus (Critchley
et al., 2000; Hadjikhani et al., 2004; Schultz et al.,
2000). Structural MRI studies are discordant in regard
to the specific amygdalar abnormality, however most
studies demonstrate enlarged amygdalar (Howard
et al., 2000; Sparks et al., 2002) and hippocampal
volumes (Sparks et al., 2002). Other volumetric studies
show smaller volumes of the frontal lobe (Kates et al.,
2004, 1998) and cerebellum (Courchesne et al., 2001;
Kates et al., 1998). Total brain volumes are enlarged in
children with ASD, however there is some evidence
that brain growth slows throughout childhood, even-
tually resulting in relatively smaller volumes in ado-
lescence (Courchesne et al., 2001).
Similar to children with autism, children with VCFS
have smaller cerebellar volumes (Eliez et al., 2001; van
Amelsvoort et al., 2004) and larger amygdala volumes
(Kates et al., 2006). Although several studies report that
the total frontal lobe is relatively preserved in VCFS
(Eliez et al., 2000; Kates et al., 2001), a recent
preliminary report has suggested that prefrontal subre-
gions may be reduced (Kates et al., 2005). The overlap-
ping neuroanatomic phenotypes in VCFS and autism
raise the question of whether neuroanatomic variations
in VCFS predict autism comorbidity. For example, we
would expect that relative to children with VCFS-only,
children with comorbid VCFS and ASD (VCFS + ASD)
would exhibit larger volumes of the amygdala yet a
smaller prefrontal cortex and cerebellum.
Cognition and Behavior in ASD and VCFS
Individuals with VCFS exhibit deficits in executive
function (Bearden et al., 2004), which many investiga-
tors consider a core deficit in autism (Hill, 2004;
Ozonoff, Pennington, & Rogers, 1991; Pennington &
Ozonoff, 1996). Executive functions are necessary for
control and execution of complex behaviors, such as
planning, working memory, set maintenance and shift-
ing, and inhibition of prepotent processes. These
specific executive functions have been investigated in
autism. Children with autism show impairments in
planning (Joseph, McGrath, & Tager-Flusberg, 2005;
Ozonoff & Jensen, 1999), mental flexibility (Ozonoff &
Jensen, 1999), and working memory (Joseph et al.,
2005), yet normal response inhibition (Ozonoff &
Jensen, 1999). On the other hand, classic working
memory deficits in children with autism has been an
area of controversy. Although some studies have failed
to demonstrate working memory impairments (Ozo-
noff & Strayer, 2001), others have reported deficits
(Bennetto, Pennington, & Rogers, 1996; Joseph et al.,
2005).
Children with autism display impaired communica-
tion, language, and reciprocal social skills along with
stereotypic, repetitive behaviors (American Psychiatric
Association, 1994). Atypical behaviors emerge within
the first year of life, characterized by marked passivity,
decreased activity, extreme distress reactions, tendency
to fixate on objects in the environment, and decreased
social interest and affect and imitation (Zwaigenbaum
et al., 2005). Even high-functioning children with
autism show social impairments, such as an inability
to recognize emotions and socially inappropriate
behavior (Walker et al., 2004). In addition, children
with autism are likely to develop comorbid anxiety and
mood disorders (Bradley, Summers, Wood, & Bryson,
2004).
Children with VCFS have a similarly heightened
predisposition to psychopathology and have difficult
temperaments (Antshel et al., in press; Gerdes et al.,
1999; Swillen et al., 1997). Other shared features
between ASD and VCFS include language delays,
although the nature of language deficit associated with
VCFS is generally less profound (Glaser et al., 2002)
than language deficits observed in ASD.
Importance of Current Project
Within the last ten years, there has been an increasing
recognition of the prevalence of autism in genetic
syndromes, especially single gene disorders and chro-
mosomal abnormalities such as Fragile X and tuberous
123
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sclerosis complex (Cohen et al., 2005). It is hoped that
by studying a well-defined medical condition, like
VCFS, that is associated with autism, in which we have
identified the pathogenesis (e.g., 22q11.2 deletion), we
may be able to gain more knowledge about autism in
the general population. Akin to the use of animal
models, which provide simple systems to study com-
plex disorders, VCFS and other genetic syndromes
may provide us with a human model of autism. The
goal would not be to explain all autism, but rather to
further the research of autism in the general popula-
tion if these genetic disorders are a suitable model for
aspects of autism’s heterogeneous etiology and path-
ophysiology (Wing, 1997).
The aim of this study is to characterize the cognitive,
behavioral and neuroanatomical phenotype of a cohort
of children with VCFS and autism in order to improve
diagnostic accuracy and possibly lead to increased
recognition of ASD in VCFS. In this report, children
with VCFS + ASD are compared to children with
VCFS—only. Our hypotheses are as follows:
1. Children with VCFS + ASD will have significantly
more communication and social difficulties as well
as stereotyped/repetitive behaviors than children
with VCFS without ASD.
2. Relative to children with VCFS-only, children with
VCFS + ASD will exhibit lower scores on execu-
tive function tests of working memory and cogni-
tive flexibility, yet not response inhibition.
3. Children with VCFS + ASD will exhibit larger
volumes of the amygdala and smaller volumes of
the prefrontal cortex and the cerebellum.
Methods
Participants
The sample consisted of 41 children (20 females) with
VCFS, ranging in age from 6.5 years to 15.8 years
(Mean = 10.6; SD = 2.4). Children with VCFS were
recruited from the Center for the Diagnosis, Treat-
ment, and Study of VCFS at SUNY-Upstate Medical
University. The children described in this report were
recruited for a larger study of risk factors for psychosis
in VCFS. All children had a fluorescence in situ
hybridization (FISH)-confirmed deletion in the q11.2
region of chromosome 22. We excluded any child with
an identifiable neurological condition in addition to
VCFS (e.g., traumatic brain injury, seizure disorder,
birth weight below 2,500 gm as reported by parent)
that is known to affect cognitive or neuropsychiatric
function. Seizures, especially hypocalcaemic seizures,
are quite common in VCFS (Shprintzen et al., 2005);
seizure disorders, however, are less common ( < 7%)
in VCFS (Kao et al., 2004). Therefore, children with a
history of seizures, yet not prescribed anti-epileptic
medications, were included in our sample. However,
four children with VCFS who were medicated for a
seizure disorder were excluded from participating in
the larger study.
ASD Diagnosis
Autism Diagnostic Inventory-Revised (ADI-R)
Lord, Rutter, & Le Couteur, (1994). Autism spectrum
disorder was assessed by the ADI-R, a standardized
semi-structured interview conducted with the child’s
caregiver (usually the mother). The ADI-R provides
scores for the three domains in which children with
ASD exhibit deficits: Reciprocal Social Interaction,
Communication Impairment, and Repetitive Behav-
iors and Stereotyped Patterns. In order to obtain a
diagnosis of autism, the child must meet threshold
criteria in all three domains, and developmental
problems must have occurred prior to the age of three
years.
We utilized criteria that have been specified for
children who exhibit significant ASD behaviors yet
who do not necessarily meet the full criteria for autism.
Following the criteria outlined by Kaufmann (Kauf-
mann et al., 2004), our ASD group included children
who met the criteria for Reciprocal Social Interaction
and either Communication Impairment or Repetitive
Behaviors and Stereotyped Patterns.
The ADI-R was telephone administered by a
clinician (L.S.) who was trained in the reliable admin-
istration of the instrument. At the time of the research
assessment, all families were told that a staff member
would contact them to administer the ADI-R. How-
ever, due to scheduling difficulties, only 45% of the
families participated in the ADI-R interview. Partici-
pants whose parents completed the ADI-R data were
younger, F (1, 91) = 12.70, P < .001, g2 = 0.12, had
higher IQ scores, F (1, 91) = 12.12, P < .001, g2 = 0.12,
and were from a higher socioeconomic status, F (1,
91) = 4.43, P = .039, g2 = 0.06 than those who did not
complete the ADI-R. Despite differing on these
background and intellectual variables, those partici-
pants who completed an ADI-R and those who did not
do not differ on any cognitive, behavioral or neuroan-
atomical variables. Only those participants whose
parents completed the ADI-R interview were included
in the analyses.
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Psychiatric, Cognitive and Behavioral Measures
All of our measures were chosen based upon our a
priori hypotheses. Participants in the study received:
Schedule for Affective Disorders and Schizophrenia for
School-Age Children-Present and Lifetime Version (K-
SADS-PL)
The K-SADS-PL (Kaufman et al., 1997) is a semi-
structured diagnostic interview schedule that pro-
vides DSM-IV (APA, 1994) psychiatric diagnoses,
based on interviews with the child’s primary care-
giver (almost always his/her mother) and the child. A
child psychiatrist or clinical child psychologist admin-
istered the KSADS. Interrater reliability, based on
12 interviews and was calculated with the kappa
coefficient, was .91.
Young Mania Rating Scale-Parent Version, (Gracious,
Youngstrom, Findling, & Calabrese, 2002)
This is 11-item, parent-rated scale consisting of items
that describe symptoms associated with mania. Com-
parisons between parent ratings on this scale and
clinical ratings based on standard psychiatric inter-
views indicate that the scale has adequate discrimina-
tive validity (Youngstrom, Danielson, Findling,
Gracious, & Calabrese, 2002).
Child Behavior Checklist (CBCL)
Parents were asked to complete the CBCL (Achen-
bach, 1991), a widely used and highly reliable scale
consisting of 113 items. Only T-scores for the Social
Problems Scale were analyzed for this report.
Vineland Adaptive Behavior Scales (Sparrow, Balla, &
Cichetti, 1983)
This inventory, which was administered by a clinician
to the child’s parent, assesses functioning within the
domains of communication, daily living skills and
socialization. Standard scores (Mean = 100; SD = 15)
for the socialization scale were analyzed for this report.
Behavior Assessment Scale for Children-Parent Rating
Scale (BASC)
The BASC (Reynolds & Kamphaus, 1992) is a parent
rating scale that assesses a wide range of distinctive
dimensions, including internalizing and externalizing
behaviors, inattention, hyperactivity, social behavior
and adaptive behavior skills. We used the T-score for
Atypicality for this report.
Wechsler Intelligence Scale for Children— 3rd edition
(WISC-III)
The WISC-III (Wechsler, 1991) is comprised of 13
subtests. The current analyses only utilized the general
measure of intellectual functioning, the Full Scale IQ
(FSIQ).
Complete WISC-III (Antshel, AbdulSabur, Roizen,
Fremont, & Kates, 2005) and K-SADS-PL (Antshel
et al., 2006) data for the entire sample of children in
this study have been previously reported.
Visual Span Test
This test (Davis, 1998) assesses working memory and is
conceptually similar to the Corsi Block Design (Mil-
ner, 1971). It consists of an irregular array of squares
displayed on the screen; a sequence of squares is
illuminated briefly and the child must reproduce these
sequences of increasing length. Scores for forward and
backward memory span were obtained.
Wisconsin Card Sorting Test (WCST)
The WCST (Heaton, Chelune, Talley, Kay, & Curtiss,
1993) is a classic test of cognitive flexibility. We used
the standard scores for perseverative and nonpersev-
erative errors for the current set of analyses.
Gordon Diagnostic System
This continuous performance task (Gordon, McClure,
& Aylward, 1989) assesses sustained attention, requires
the child to respond (press a button) each time a ‘‘9’’
follows a ‘‘1’’ on a computer screen. Our primary
outcome variables from the continuous performance
task were errors of omission (the child failed to
respond when he/she needed to respond) and errors
of commission (the child responded when he/she
should not have responded).
MRI Imaging Acquisition and Measurement
Magnetic resonance imaging scans were acquired in
the axial plane on a 1.5 T Philips Gyroscan scanner
(Philips Medical Systems, Best, The Netherlands),
utilizing the following T-1 weighted inversion recovery
3-D pulse sequence: TE = 4.6; TR = 20; 2 repetitions;
123
J Autism Dev Disord (2007) 37:1776–1786 1779
matrix size 256 · 154; FOV 24; multishot = 32; TFE
pre IR shortest (394 ms), 1.5 mm slice thickness.
Raw, formatted image data were transferred from
the MRI scanner to Apple Macintosh Power PC
workstations via existing network connections. The
image data were imported into the program BrainIm-
age (Reiss, 2002) for removal of non-brain tissue and
measurement of whole brain volume. The isolated
brain tissue was then transferred to the software
program Measure for regional volumetric measure-
ment. After aligning the 3D images along the anterior–
posterior commissures and interhemispheric fissure,
the amygdala and the prefrontal cortex were isolated.
The protocol for measuring the prefrontal cortex,
which consisted of its dorsal and orbital subregions,
was adapted from Gur and coworkers (Gur et al., 2000)
and has been described previously (Kates et al., 2005,
2006). The protocols for measuring the amygdala and
the cerebellum have also been described previously
(Kaplan et al., 1997; Kates, Abrams, Kaufmann,
Breiter, & Reiss, 1997). Interrater reliability, assessed
with the intraclass correlation coefficient, exceeded .85
for all regions of interest.
Statistical Analyses
Chi-square analyses were used to compare children
with VCFS ± ASD on categorical variables (gender,
psychiatric diagnosis). Multivariate and univariate
analyses of variance (ANOVA) were conducted to
compare the groups on continuous behavioral, cogni-
tive and neuroanatomic variables. Pairwise compari-
sons of our two groups were based on least-squares
means adjusted by the Bonferroni method. Eta
squared (g2) is also reported for all analyses.
Results
ASD Prevalence Data
Seventeen of the 41 participants (42%) met diagnostic
criteria for ASD. (Included in these seventeen children
are eight children with VCFS who met strictly
defined autism.) As shown in Table 1, children with
VCFS + ASD did not differ from those with VCFS on
demographic data. Full Scale IQ differences between
the two groups approached significance, F (1,
39) = 3.14, P = .08, g2 = 0.07. Although IQ differences
between the two groups were not statistically signifi-
cant, given the medium effect size between our two
groups, we sought to control for the effects of IQ on
our dependent variables. Thus, IQ was entered as a
covariate in MANOVA models assessing hypotheses
one and two.
Hypothesis 1—Behavioral Differences
The omnibus MANCOVA on communication, social
deficits and stereotyped behaviors was significant,
Wilk’s k = 0.24, F (3, 34) = 5.15, P = .005, g2 = .33.
Univariate analyses revealed that children with
VCFS + ASD were rated by parents as having more
odd/repetitive behaviors on the BASC Atypicality
scale, F (1, 39) = 9.57, P = .004, g2 = 0.22, engaged in
less socialization as indexed on the Vineland Sociali-
zation scale F (1, 39) = 6.15, P = .018, g2 = 0.15, and
had more social difficulties with their peers as indexed
on the CBCL Social Problems F (1, 39) = 11.59,
P = .002, g2 = 0.25. Group means are reported in
Table 1.





Age (years) 10.8 (2.7) 10.4 (1.9)
Sex (% male) 46 59
Socioeconomic
status
53.2 (11.5) 48.6 (10.0)
WISC-III Full
Scale IQ
78.3 (10.9) 71.5 (13.4)
BASC Atypicality
T-score
52.3 (10.3) 67.6 (16.1) **
CBCL Social
Problems T-score
61.8 (6.8) 70.3 (7.4) **
VABS Socialization
Standard Score
80.6 (16.7) 66.2 (14.5) *
CPT Errors of
Omission z-score
–1.2 (4.0) –3.5 (3.6)
CPT Errors of
Commission z-score
–1.6 (2.9) –2.3 (3.1)
WCST Perseverative
Error Standard Score
77.3 (20.7) 64.6 (9.7)
WCST Nonperseverative
Error Standard Score
94.6 (13.9) 81.7 (11.6) *
Visual Span Forward
z-score
–0.5 (0.9) –1.0 (0.5)
Visual Span Backward
z-score
–0.9 (0.8) –1.3 (1.0)
Note. WISC-III = Wechsler Intelligence Scale for Children - 3rd
edition Wechsler (1991); BASC = Behavior Assessment Scale
for Children, Reynolds & Kamphaus (1992). CBCL = Child
Behavior Checklist, Achenbach (1991). VABS = Vineland
Adaptive Behavior Scales, Sparrow et al. (1983). CPT = Con-
tinuous Performance Test—Gordon Diagnostic System; Gordon
et al. (1989). WCST = Wisconsin Card Sorting Test, Heaton
et al. (1993). * P < .05. ** P < .01
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Children with VCFS + ASD also had more psychi-
atric diagnoses than children with VCFS, v2 = 4.99,
P = .026. Ninety-four percent of the children with
VCFS + ASD had a co-occurring psychiatric disorder
while 60% of children with VCFS had a psychiatric
disorder. ADHD was the most frequently occurring
disorder in both groups, yet occurred twice as often in
the VCFS + ASD group (80%) compared to the
VCFS group v2 = 5.60, P = .020. Similarly, specific
phobias were prevalent twice as often in the
VCFS + ASD group (60%) compared to the VCFS
group, v2 = 3.15, P = .08. Finally, children with
VCFS + ASD were rated by parents as having more
mania symptoms on the YMRS, F (1, 39) = 8.23,
P = .007, g2 = 0.20.
Hypothesis 2—Executive Functioning Profile
The omnibus MANCOVA on executive functioning
measures failed to reach significance, Wilk’s k = 0.74,
F (6, 31) = 1.72, P = .150, g2 = .26. As shown in
Table 1, univariate analyses suggested differences
between VCFS + ASD and VCFS groups on only
one executive functioning measure. Children with
VCFS + ASD made more nonperseverative errors on
the WCST, F (1, 39) = 7.85, P = .008, g2 = .18.
Although working memory and cognitive flexibility
differences did not emerge between the two groups as
robustly as hypothesized, performance on one of the
executive functioning measures was consistent with
predictions. The two groups did not differ on CPT
Errors of Commission, F (1, 39) = 0.58, P = .454,
g2 = .02.
Hypothesis 3—Neuroanatomical Differences
Whole brain volume differences between children with
VCFS + ASD and VCFS failed to reach significance, F
(1, 39) = 1.79, P = .192, g2 = .06. Thus, whole brain
volume was not entered as a covariate in the model. As
shown in Table 2, and partially consistent with hypoth-
eses, the only neurological region to differ significantly
between our two groups was the right amygdala.
Children with VCFS + ASD had larger right amygdala
volumes than children with VCFS, F (1, 39) = 9.21,
P = .005, g2 = .24. All other neuroanatomic regions of
interest were statistically similar between the two
groups. See Table 2 for group volumetric mean data.
Discussion
Prevalence of ASD in VCFS
Children with VCFS are at increased risk for ASD.
Twenty percent of our sample met strictly defined
criteria for autism while over 40% of our sample of
children with VCFS met criteria for ASD. These
prevalence rates of autism and ASD are higher than
a previous group reported using a similar research
design (Fine et al., 2005). Our relatively higher rate
may be due to ascertainment biases, our relatively
low rate of ADI-R completion, the criteria used to
define ASD cases, or other methodological factors.
Although we found no behavioral differences be-
tween the subset of children in our sample who
received the ADI-R and those who did not, children
whose parents participated in the ADI-R interview
were, on the whole, younger and had higher IQ
scores. Moreover, parents who participated tended to
have higher SES levels. Accordingly, it is possible
that non-participants faced parenting and work
demands that reduced available time to participate
in a telephone interview. This may limit the gener-
alizabiity of our following findings. However, our
relatively high rates of autism and ASD in VCFS are
consistent with previous groups (Niklasson et al.,
2001; Vorstman, Morcus et al., 2006) who reported
that 33–50% of their samples of children with VCFS
met diagnostic criteria for ASD. Others (Chudley
et al., 1998; Ogilvie, Moore, Daker, Palferman, &
Docherty, 2000) have reported that the inverse (e.g.,
high rates of VCFS in samples ascertained for
autism) is not true.
At this point, multiple groups have reported that
ASD is quite prevalent in children with a 22q11.2
deletion. Molecular genetic research has identified
diverse risk regions such as 2q37, 3p24-26, 5p15, 11q25,
16q22.3, 17p11.2, 18q21.1, 18q23, 22q11.2, 22q13.3 and
Xp22.2-p22.3 as harboring possible candidate genes
(Muhle, Trentacoste, & Rapin, 2004; Veenstra-Van-
derWeele & Cook, 2004; Vorstman, Staal et al., 2006;
Ylisaukko-oja et al., 2006). Thus far, the strongest
implicated chromosomal regions with susceptibility
Table 2 Neuroanatomic regions of interest volumetric data
Variable VCFS (n = 24) VCFS + ASD (n = 17)
Whole Brain Volume 1303.00 (142.77) 1363.44 (132.21)
Prefrontal Cortex 164.45 (26.25) 167.38 (22.12)
Left Amygdala 2.29 (0.45) 2.22 (0.50)
Right Amygdala 1.98 (0.32) 2.34 (0.34) **
Left Cerebellum 52.51 (6.64) 54.70 (8.51)
Right Cerebellum 53.05 (6.61) 54.24 (7.44)
Note. Measurement unit is square centimeters (cm2). ** P < .01
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genes for autism are 2q, 7q and 15q (IMGSAC, 2001;
Philippe et al., 1999). Nonetheless, given the impres-
sive prevalence of ASD in this population, future
molecular genetic work should continue to investigate
22q11.2 genes as etiologically relevant to ASD.
Behavioral & Cognitive Findings
ASD is a behaviorally defined disorder and thus it is not
surprising that parents of children with ASD would
report higher levels of atypical behaviors and lower
levels of socialization and communication. We view
these findings as further supporting the validity of our
ADI-R diagnoses. It has been reported in literature that
children with VCFS have problems in social functioning
(Swillen et al., 1997; Swillen, Devriendt et al., 1999).
Our findings raise the question of whether the presence
of ASD in a sizeable subset of children with VCFS may
substantially account for the high incidence of deficits in
social interaction that has been reported in previous
studies of children with this disorder.
More novel behavioral findings from our data
include the between group comparisons between
VCFS + ASD and VCFS. Relative to children with
VCFS, children with VCFS + ASD have more psychi-
atric comorbidity including ADHD and specific pho-
bias and more symptoms of mania. Our finding that the
presence of ASD in VCFS is associated with higher
scores on mania is consistent with several that docu-
mented co-occurrence of mania among children with
ASD (Komoto, Usui, & Hirata, 1984; Sovner, 1989;
Wozniak et al., 1997). Moreover, our finding that
children with VCFS + ASD had an increased inci-
dence of DSM-IV diagnoses, particularly ADHD and
specific phobias, is similar to findings reported in
literature suggesting that children with ASD are at an
increased risk for wide variety of psychiatric disorders,
especially anxiety disorders (Bradley et al., 2004;
Sverd, 2003; Weisbrot, Gadow, DeVincent, & Pome-
roy, 2005). For example, using a modified version of
the structured psychiatric interview employed in the
current study, others (Leyfer et al., 2006) have
reported that 44% of children with autism have
comorbid specific phobias, 37% have comorbid obses-
sive compulsive disorder and 30% have ADHD, most
commonly the Inattentive subtype. In all, 72% of
children with autism had a comorbid psychiatric
disorder (Leyfer et al., 2006). Thus, ASD appears to
be accompanied by coexisting psychopathology in both
‘‘pure’’, non-syndromal ASD populations as well as
syndromal ASD populations.
Children with VCFS made more nonperseverative
errors on a measure of cognitive flexibility. In addition,
as predicted, the two groups did not differ on a
measure of executive inhibition. However, the lack of
working memory and more robust cognitive flexibility
differences between the groups was more surprising.
Children with VCFS have been previously demon-
strated to have executive dysfunction (Bearden et al.,
2004). Thus, the fact that we did not find significant
between group executive function differences suggests
that ASD in children with VCFS may not contribute to
executive dysfunction over and above what is already
incurred by VCFS.
Neuroanatomic Findings
Children with VCFS + ASD have larger right amyg-
dala. This is consistent with extant research in the
general autism population documenting amygdala
alterations (Howard et al., 2000; Munson et al., 2006;
Pelphrey, Adolphs, & Morris, 2004; Sparks et al.,
2002). An amygdala theory of autism has been
forwarded (Baron-Cohen et al., 2000) positing that
amygdala alterations are etiologically relevant to
autism symptoms. The amygdala is thought to play a
role in very quickly evaluating the emotional valence
of incoming information (LeDoux, 1992). Being very
early in the emotional processing circuit, the amygdala
is thus, well positioned to evaluate information ‘‘down-
stream’’ at the cortical route (Amaral, Bauman, &
Schumann, 2003; LeDoux, 1992).
The Munson et al. (2006) research also cited
enlarged right amygdala as being positively associated
with a variety of ASD variables including socialization
and communication deficits. Our group has previously
reported that the amygdala is enlarged in VCFS, and
that increased volume is associated with increases in
anxiety (Kates et al., 2006). All of the above suggests
that the amygdala, possibly the right more than the left,
is worthy of further consideration as etiologically
associated with ASD.
Limitations and Clinical Implications
Our data need to be considered in light of our
methodological limitations. First and foremost, over
half of our sample did not complete the ADI-R.
Although those who did and did not complete the
ADI-R do not differ on behavioral or most cognitive
domains, there were several sociodemographic differ-
ences between ADI-R participants and non-partici-
pants. Second, we relied solely on parent report of
child behavior. By not including others (e.g., teachers)
who have regular contact with the child we may
have increased our potential for response biases. For
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example, it is possible that the high rate of psychiatric
comorbidity in our VCFS + ASD sample is a reflection
of parental reporter bias.
Third, autism and ASD diagnoses were made exclu-
sively on parent report on the ADI-R. Since both the
ADI-R and Autism Diagnostic Observation Schedule
(ADOS; Lord, Rutter, DiLavore, & Risi, 1999) make
independent contributions to the diagnosis of autism(-
Risi et al., 2006), we recommend that future studies
investigating the incidence of ASD in VCFS samples
include the ADOS in the research protocol. Finally,
although we operationalized ASD in a manner that has
precedence in the literature, other research groups may
operationalize ASD differently. All of the above
suggest that these data need to be considered pre-
liminary until other groups can replicate our findings.
The high rate of ASD in VCFS that we report here
is consistent with several previous reports. Nonethe-
less, the question of whether ASD in VCFS should be
considered a distinct and separable diagnosis remains
debatable (Eliez, in press). Diagnostic overshadowing
(Jopp & Keys, 2001) (i.e., the attribution of behaviors
to one disorder without considering additional diagno-
ses and treatment of comorbid conditions) may
account for the possibility that ASD has been attrib-
uted to the VCFS phenotype without being considered
a distinct diagnosis. Whereas autism is a lifetime
diagnosis, however, we do not know if the features of
the VCFS phenotype that are consistent with autism
change over time. Our sample is currently being
reevaluated as part of a longitudinal study of risk
factors for psychosis; accordingly, we will soon be in a
position to address the issue of stability in the VCFS
behavioral phenotype.
To the extent that ASD can be considered a
separate diagnosis, we recommend that children with
VCFS be screened for ASD at a young age. The use of
screening instruments such as the Childhood Autism
Rating Scale (CARS) (Schopler, Reichler, & Ro, 1998)
or the Modified Checklist for Autism in Toddlers (M-
CHAT) (Robins, Fein, Barton, & Green, 2001) may
prove fruitful in identifying children with VCFS+ASD
at a young age. Both the CARS and M-CHAT have
research supporting their use as tools to help identify
children with ASD relative to children with other
developmental delays. The higher rate of comorbid
psychopathology in VCFS+ASD suggests that this
subgroup of children with VCFS may be especially in
need of more clinical and research focus, since we
currently do not know whether ASD-focused behav-
ioral interventions are efficacious in this population.
Moreover, with the addition of ASD to the panoply of
diagnoses that have been described in VCFS (eg.,
ADHD, schizophrenia, bipolar disorder, major depres-
sive disorder etc.), VCFS might be considered a genetic
model for clinically heterogeneous / comorbid psychi-
atric illness.
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